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- PINE FIBER BARR.ER FABRIC WTH PROVED DRAPE AND STRENGTH AND 

METHOD OF MAKING SAME 

cipi n OF T u,c 

• on.ra.lv to a non-woven fabric mat having improved drape, 
The present invention relates generally to a no 

k Arties- and a method for producing the mat The 
strength, softness, and other properties, ana, a 
' « nraferred embodiment, forming cnmped fine 

method of the invention provides for. ,n a preferred em 

. reducing a mat therefrom, spot bond.ng the mat 
denier fibers by a spunbond process, producng 

k nri roll where the rolls are at different temperatures, and. 
using an anvil and a pattern bond roll where tn 



stretching the mat. 



10 



BACKGRQUNOQFJ^^ 



fabrics have become a highly developed area of 
Processes for manufacturing nonwoven fabncs have be 

Pr ° advanced and have a wide vanety of 



industry. Nonwoven fabrics have become more 



a 

covers 



pp , icati ons. from baby wipes and diapers to surgica, garments, a— e and^<< 
. D i V ersity of use has caused evo,u*on and sophistication of the processes wh,ch 
n 5 create different effects and characteristics of the fabrics. 

♦h. main ohvsical properties which scientists 
Strength and drapeability are among the ma.n phys,ca p h- 

. H«wic. of the fiber itself, e.g.. chemica. composfon. 
to optimize. The physical charactenst.es of the 

• ^rts on the nonwoven f abnc formed 
conjugate agents, and diameter, have certa,n effects on 

therefrom. 

,0 sonness an. - a **. <°< - ^ aPP " Ca, '° nS ' " " 
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flexural rigidity = IsEl 

4 



where 



E = polymer modulus and R = fiber diameter. 
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15 



.. .......-^r /r.r, e r deniert should result in a much more 

Therefore, a round fiber of smaiier d,ame.e. v .. .e. de 

tw • MS e for woven and knit fabrics, however, this does not 
drapeable material. Th,s is the case for wove 

~«,ri at least in Dart of spunbond matenal. This is 
hold for spot bonded nonwovens. compnsed at least pa 

^re the bonded areas act as low density slabs, where 
due to several factors, e.g. . where the Donae 

.ending moduius is depend on «c*»ss. by «h. M-# 

flexural rigidity = 

4 

where t = thickness of the bonded region. 

reaion is dependent on the ratio of fibers which 
The bending modulus of the unbonded region pe 

* Mtho extremes (fibers all free or all not-free) 
are free-to-move versus those that are not At the extremes ( 

•ii wrff^r kv 4-6 orders of magnitude, i ne 
bending rig * of •» unbonded regions differ by 

greafer *. freedom - movemen, ,he iower «he bending rigid* - - nonwo»e, Th. 
reedom - — * * ^ " "* ^ rc9 ' 0nS I 

n - * — * — — — *■ — - • flner denier flber p 77 

«K»r The loss of freedom of movement with 
a stiff er bonded fabric than a larger demer fiber. The loss 

, , attributed to the exponential increase in number of fibers per 
decreasing denier is largely attnbuted to tne *r 
, uni, area This .ansiafes » more fibers heid «au, be«*en bond poin« and grea,.r 

&h „f 1 Sdof fibers has four times as many 
emangiemem. As an example, a web compnsed of 1 .5dpf 

fibers as a comparab., sized web comprised o, S.Odpf fibers. 
^ aforemenKoned proves o, fhefabhc can be a».red by add*onai processing 
.e^ue, genera, Known in ^ an and w W ch ha,, genera. 
5 examp, casing *ber freeness in fhe unbonded areas o, spo, bonde ~ .~ 
sp unbond ma, by chmping ,he indMdua, «bers s,ni«can„, improves conformabiirty. 
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m * by cup crush, b, reducing me -straightness- o. me fibers between bond poin*. 

The tensiie strengm C me m a, . contending* debased, as we„. however, because 

. „ H ^intc and some reduction in bonding 
of the reduction in fibers held taut between bond po.nts and som 

efficiency on the lower density webs. 

Bbertreeness can be addition,,* enhanced by stretching me post-bonded mat. which 
pu„s weaK* he,d fibers away from bond points. breaKs nber-to-fiber bonds between bond 
points, and increases M be,ween bond points, mus ioosening m= omerwise tight* 

packed fine fiber matrix. 

spot bonding o, fine fiber or microfiber nonwovens (e.g.. po*o,efin w«h <2.0 denier,, 
utfrang a pa«em and anvi, technique. resuKs in a primary bond corresponding to me 
^ed poruon o, the pa«em rot, and secondary fiber-ffiber bonds between bond points, 
principal on me anvi, s«e. The presence o, secondary bonds. atmougt. weaKer man me 
primary bonds, reduces fiber freeness. significant* evening me mat « wouid be 
desirabie to have a process whereby spotbonding can be empioyed. ye, fiber fi«n.ss 
would no, be significant* reduced, compared to current methods. 
Fabric designers frequent* desire a tabhc having increased strength and improved 
conformably <drapeab,,i.y>. The combined o, chmping and spomonding processes 
has heretotor. no. produced such a desin* tabnc. Chemica. softening agents Known .n 
me ar, can be added during me fabhc terming process, bu, .end to reduce strength and 
20 increase manufacturing costs. 

„ere«o,ore. however, these techniques have no. been used cotiecfive*. perhaps because 
me amicipated ef.ee* cf parficuiar techniques wouid iead to undesirabie resufung 
proper, Man, o. mese techniques have Known operafing parameter endows which 
wouid norma,* iead one s*.i.d in me ar, ,c assume ma, combining the .echniques wouid 
25 no, produce a synergist* posttve outcome. « wouid be des*ab,e to produce a tabnc 
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from a fine denier fiber having improved strength and conforrnability without the 
accompanying stiffness which would be anticipated by using fine denier fiber. Such a 
fabric would have particular applicability with laminate fabric structures, such as with 
spunbond-meltblown-spunbond composite fabrics. 

5 BACKGROUND OF THE ART 

A number of patents have issued in the general area of the present invention. 

U.S. Patent No. 5,413,811. issued to Fitting et al., and commonly assigned to the 
assignee of the present invention, describes a combination of chemical softening and 
mechanical stretching processes which produce a nonwoven mat having a softer hand. 

10 U.S. Patent No. 5,296,289, issued to Collins, discloses spotbonding and axial stretching 
processes. 

U.S. Patent No. 5,057,357, issued to Winebarger, describes a method of forming a 
nonwoven fibrous mat incorporating a patterned roller and a smooth roller, the rollers 
being at different temperatures. A second pair of rollers is used, which can have a 
15 second pattern. 

U.S. Patent No. 4,443,513, issued to Meitner et al., and commonly assigned to the 
assignee of the present invention, teaches a meltblown mat using thermal bond rolls and 
stretching the mat. The fabric produced has improved softness, bulk and drapeability 
while retaining strength. 

20 None of these patents discloses or suggests ow to combine processes to produce a 
nonwoven fabric using fine denier fiber which has improved strength, reduced stiffness 
and improved drapeability. Under normal conditions one skilled in the art would expect 
the result of using a fine denier fiber to be an increased stiffness. The prior art would lead 
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O 97/31145 d emp ioy.ng softening 

h «f decreasing fiber denier an 
thal the result of aecre 
one to expect that in 

„,d be decreased strength. 

« * a p— — °' ^ ^ ^ess «ac».e propel an. 

— n— »• _ a meihod of produdn9 a nonwoven 

. ,s a «-r Cec - - P— and mpiw in g 

nQ a fine denier fiber while manning 

up0 n reaa.no « «— <• — and „ appended d— - 

0 ,aKen in «*— «* - ~ 



15 



„ eved by Priding a memod o< loaning a 
^ oBj e«s - » P — ~ ^ one polym er res,n capab* - — . 

non woven -no. « — ^ w microfi6ere .om - -in: (C — « 

M « — " ° f " , _ w fibers; ( e> - -din, « - « 

tne fiB ers. (d, .orm.r» a nonwoven fiber ^ ^ ^ 

p— - - — a -r: dT u- • - - - — m 

flP ers are pre,erab* -ess «« about • ^ ^ ^ 

ditf eren, temped. mrougn «n,cn pa ^ ^ ^ M ,s 

^erenfia. used depends on - «« •« ^ ^ desiraB , y beW een abou, 

15 and <e and 25 C, ^ homoWe rs. 

- — - — ^^nbond fiber .ere is 

ln a P ,.,erred — - - — ^ ^ „ f „ e denier fibers « ~ been 
fom ed wnerein.be spunbond .ayersa 
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* then oassed between a pair of heated nipped thermal 
«h The formed laminate is then passea u« 
cnmped. The torn, ^ temperature 

bond r* * a smootn anv„ rc,, and a p 

— - — - - ro,,s is ,n me :::: r - - — — 

(unnecking) in tha cross dlreaon. Tha compie 
uptake and storage. 

■ de eievation view of an apparatus of a preferred embodiment of the 
10 Pig. 1 shows a s,de eievafco spunbond . mettblcwn - S punbond fbers is made, 

present invention in which a »am.nate of spunb 

assembly detail of the apparatus of Fig. 1. 
F*. 2 shows a top view of an unneckmg assemb y 
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. riraD eabi.ity of a nonwoven fabric may be measured 
~ °"~ ^ en,— - (est _ tes ^ _ by ^ 

- - - ^ — ' reQU T fa l sic. «. an — « - - — * 
^ a 23 cm * 23 cm *~ - taPnc Hap ^ w— 

6 , cm - ^ed CP - « - ~- ~ * ^ ^ ^ _ An 

6 , cm — — — • ^ ^ „ avoid _ 

average of ten readings ,s used. Thet The cup crush load is 

— - — - - U deSCB ^ Tne cup csn ener. * - - — 
per minu*, and >s measured ,n cram, P w ^ ,„,d 

point, i.e. . the area under the curve 



WO 97/31145 PCTAJS97/01650 

distance the foot travels on the other. Crush energy is therefor reported in gram- 
millimeters. 

Lower cup crush values indicate a more drapeable and comfortable laminate. A suitable 
device for measuring cup crush is a model FTD-G-500 load cell (500 gram range) 
5 available from the Schaevitz Company. Pennsauken. NJ. 

Grab Tensile test: The grab tensile test is a measure of breaking strength and elongation 
or strain of a fabric when subjected to unidirectional stress. This test is known in the art 
and conforms to the specifications of Method 5100 of the Federal Test Methods Standard 
No. 191A. The results are expressed in pounds to break and percent stretch before 

10 breakage. Higher numbers indicate a stronger, more stretchable fabric. The term "load- 
means the maximum load or force, expressed in units of weight, required to break or 
rupture the specimen in a tensile test. The term "strain" or "total energy means the total 
energy under a load versus elongation curve as expressed in weight-length units. The 
term "elongation" means the increase in length of a specimen during a tensile test 

1 5 Values for grab tensile strength and grab elongation are obtained using a specified width 
of fabric, usually 4 inches (102 mm), clamp width and a constant rate of extension. The 
sample is wider than the clamp to give results representative of effective strength of fibers 
in the clamped width combined with additional strength contributed by adjacent fibers in 
the fabric. The specimen is clamped in, for example, an Instron Model TM, available from 

20 the Instron Corporation, 2500 Washington St. , Canton. MA 02021 . or a Thwing-Albert 

Model INTELLECT II available from the Thwing-Albert Instrument Co.. 10960 Dutton Rd.. 
Philadelphia, PA 19154, which have 3 inch (76 mm) long parallel clamps. An average of 
ten readings is used. This closely simulates fabric stress conditions in actual use. 



25 



7 



PCT/US97/01650 

WO 97/31145 




As used herein the tern, "mellblown fibers" means fibers formed by extruding e moiten 
thermoplastic material throuflh a plurality of fine, usually circular, die capillaries as molten 
weeds or filaments into converging high velocity gas (e.g.. air) streams which attenuate 
me filaments of moKen thermoplastic materia, to reduce their diameter, which may be to 
microfiber diameter. Thereafter, the meltbtown fibers are earned by the high ve,o<*y gas 
stream and are deposited on a collecting surface to form a ma. of randomly disbursed 
meKblown fibers. Such a process is disclosed, for example, in U.S. Patent no. 
3.849.241 to Buntin. Melfoiown fibers are microfibers which may be continuous or 
^continuous, are generally smaller than 10 microns in average diameter, and are 
generally tacky when deposited onto a collecting surface. 

as used herein the term -microfibers- means fibers having a denier of teas man about 1 .0 
dp. ("denier per filament"). Denier is defined as grams per 9000 meters of a fiber and 
ma, be calculated as fiber diameter in microns squared, replied by the density in 
grems/cc. muHipiied b, 0.00707. A lower denier indicates a finer fiber and a higher 
denier indicates a thicker fiber for materials of similar density. For exampie. me diameter 
o, a polypropylene fiber given as 15 microns may be convened to denier by squaring, 
muring me resun by 0.69 g/cc and multiplying by 0.00707. Thus, a 15 micron 
polypropylene fiber ha, a denier of about 1.42 (15= x 0.69 x 0.00707 = 1.416). Outside 
the united States the unit of measurement is more commonly me tex". which is defined 

,, AWlfllor rtf rther jex may be calculated as denier/9, 
as the grams per kilometer of ftoer. i ex m*jy w 

As used herein, me terms "necking" or "neck stretching" interchangeably refer to a method 
o. elongating a nonwoven ,abnc. generally in me machine direct, to reduce Ks width in 
e controlled manner to a desired amount. The controlled stretching may take place under 
25 chilled, ambient or eievated temperatores and is limited to an increase in overall 

dimension in the direction being stretched up to me elongason required to break the 

8 
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fabric. When relaxed, me ma, retiaos toward Ks original dimensions. Such , process is 
disclosed, for example, in U.S. Pa«n,no. 4.443.513 to Meitner and Notheis, and U.S. 
Patents no. 4.965.122. 4.981.747 and 5.114.781 to Monnan. 

As used herein me tern, "neck softening- means neck stitching earned ou, «*nou. the 
addition o. hea, to the materia! as it is sketched in the machine direction. In neck 
stnMching or softening a fabric is referred to. for exampie. as being stretched by 20*. 
This means it is stretched in me machine direction until its lengti, is 120% o. its original 

unstretched length. 

As used herein, me term -neckable materia,- means any materia, which can be necKed. 

As used herein, the term "unnecking- means a process applied to a revere* necked 
ma,eria, to extend i, to a, leas, its original. pre-necked dimensions by me application o, a 
sketching force in e direction general* perpendicular to me direction of stretch, which 
causes ,. to re»»er a. .east 50 percent of me dimentiona, U.ss from me etlgM matf»ne 
direction necking upon release of the stretching force. 

1S as used herein, me term "necked material" refers to any materia, which has been 
constat in a. leas, one dimension by processes such as. for example, drawing 
whereby me constriction is general perpendicular to the direction o, drawing. 
As us* here* me term "polymer- generally includes but is no. limited to. homopolymers. 
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copolymers, such as for example, block, graft random and alternating copolymers, 
.erpolymers. etc.. and blends and mediations thereof Furthermore, unfcss otherwise 
speefnean, iimited. me term -polymer shall incU.de all possible geometrical configuration 
of me materia,. These configurations mdude. but are no, limKed to Isotactic. syndiouctic 



V 1 



and random symmetries. 
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l _ _ mU Riiayer laminate. An examp« 
*■ K«r of this inventipn may be a muiway 
The fabnc of th.s .n spunb ond and some 

— * - — - r i:r;i^s> — . - — * - 

— * ° 74 - 88B '° BOm 7: firet , spun*,* tabhc .aye, ^ a — - 
aeP osi.in 9 0.0 a rnovin. ^ _ „ oriain9 „ ,amina» In a manner 

— »~ - ,SSt ^ ^ 0 1 - the tabhc layer* - - — * 

— * ^ ^ 12 os ' ( e ,o 400 9 sm, or more partculady «. — 

o basis ^ - - - ^ ^ ls usually expressed * 

0.30 to about 3 osy. The bas* rams Mr square meter ( 9 sm> and the fiber 

ounce s ot materia, per square yard <osy> or 9 rams per s^ ^ ^ 

di ametersuse,ul are usua»y expressed .nrrtcron, (Note- 



9 sm, multiply os V bv 33 ' 91) 
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„ „. d ^ refers to small diameter fibers which are 
As use d hereih the term -spunbonded fibers ^ ^ 

^ualW circular capillaries o. a s P .nnere. patentn0 . 4 .3«,563«oAppe.e,al.. 

be.n 9 rapidly reduced as by. < orexamp te ..a. ^ 

- R Q2 618toDorschneretal..U.5 9 - 
and U.S. Paten, no. 3.692.6 ^ ^ ^ u g pa(ent „.. 

Mauuki et a.., U.S. Patent nos. 3.336. „ 

. . c patent 3.502.538 to Levy, and U.S. va 
3.502.763 to Hartman. U.S. ^ onto . 

- - * *— l-us and ~ — 

— SUrfaCe - S To" a 1st «n bars, ta^er .an , micron, more a— * 
diameters (from a sample of at least 



between about 10 and 30 microns 
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As ^ herein the tern, "conjugate ^ refers to ffcers — *» — *— - - 

_ ^ powers ertruded from sepan*e e*ruders b- - -~ » - «— 

<-_»h m as muWcomponeht or bicomponent 
Conjugate fibers are also somefmes referred to as muraco p 

flMre . The powers are usual,, — -* other though conjugate «bers may 
be monocomponen, abers. The peters are ananged in cons*,*, 

posHioned — « — — * « «— *" °* C ° niU9ate """ ^ 
co—, aiong the length o, me conjugate fibers. The cordon of sue, a 

conjugal fiber ma, be. for example, a sheam/core arrant where, one 
surround by ahofher or may be a side * side axemen, or an -,s,a_nds*-me-sea 

„. -mc Patent No 5,108,820 to Kaneko et al.. 
arrangement Conjugate fibers are taught ,n U.S. Paten, 

US Patent.0. 5,336,552 to Strack et al.. and U.S. P-ntNo. 5.382.400 »P,Ke eta,. 
FM M component «bers. the polyme. may be present in ra U os o, 75., 50,50. 25,5 or 

any other desired ratios. 

As used here, th. tern, -common roir means a set , ro„ers above and beiow me we> 
compact me web as a we, o, ,rea U ng a ,ust produced spunbond web in order to g W . ,. 
sumoen, M « further processing, bu, no, the reiaevely s«ong bonding of 
seconder, bonding processes Uke through-air bonding, thermal point bonding and 
uW3 sonic bond„g. Companion rolls — *. web in order to .ncrease «s seK- 
adherence and thereby its integrity. 
20 As used herein the term -ho, air knife" or "HAK" means a process o, pre- or prima., 
bonding a jus, produced spunbond web in order ,o give i, sutfeen, .ntegrt* for further 
process^ simHar to me funcoon sewed by compacuon n* W does no, mean me 

~ ^^poccpc like through air bonding, 
re,a«ively strong bonding of secondary bond»tg processes 

.normal bonding and unraso.c bon.n, A ho, air kn,e is a device whi* ,o~sesa 
.... o, heated air a, a very high fiow general, abou, ,.000 ,o abou, ,0.00= , - 
minu,e (f pm, (305 ,o 3050 me,ers per *-.). or more parked,, from about 3.000 



15 to 



25 stream 



per 

11 
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rtirecied at the nonwoven weo 
,ai «> to 1 525 meters per minute) directea « 
» S.0OO ,ee t per — .C« « ^ ^ ^ ran9e o( m . memng 

— * — " ^ " Z L ^ B enera,„ — — » - 

, A f a , least one of the polymers used in the weo. s 
pent of at .east ^ ^ ^ spunbonding . 

cen .c /Q 3 and 290°C) for the thermop.as jc poi, m 

550 F (93 and ^ ^ ^ he|ps avold 

The control of air temperature, veloaty. pressure. 
ne ... -j-u,_ haK's focused stream of air is 

w ^>;io inrmasina its integnty. TheHANsiow 

-^1^ ~ - - - - 1 — <3 * M mm> ln ~ 

arranged and directed by ^ ^ 

en** «*h of me web. In omer .m ^ 

- - - - - * a ni^eT -* — — 

The HAK has a plenum to distnbute ^ ^ 

„f m* HAK is usually between about 1.0 ana i^.u 
The plenum pressure of the HAK ^ ^ 

^ *ho HAK is positioned between about 0.25 ana iu 

^» o — « « " "J „„„^,™, 



. . rontrast ^th the through air bonding process wn.cn 
hU ndredth of a second ,n contrast «M ^ ^ 

lamer dwell time. The HAK process has a great range 

z — - - - — — ~- vo,u :: : r- — 

, a „d size and •» distance from the HAK plenum to the web. M 
arranBemen. and s,ze. 

MMH on the ho. air Knife process may be foun 
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nccr.PiPTION OF THF PREFERRE D PMROD1MENTS 

The present invention provides a method of producing a fabric having the unexpected 
result of improving strength, drape, and conformability. The present invention is usable 
with meltblown or spunbond or a combination of the two or using other web forming 
processes known to those skilled in the art In general, the method comprises producing 
a crimped, fine denier fiber, using either meltblown or spunbond processes, or a 
combination of the two. spotbonding using differential bond ro» temperatures and neck- 
stretching. For purposes of the present description a laminate of spunbond-meltblown- 
spunbond fibers shall be discussed. It is to be understood that single layers, as well as 
other laminates and non-laminate fiber mat structures can be employed. 



in a preferred embodiment of the present invention, fine denier fibers, in the range of from 
about 0.5 to about 3.0dpf . preferably less than or equal to about 1 .5 dpf . are produced by 
a spunbond process, as described above. The fibers are formed of resin which is 
preferably a thermoplastic polymer such as. but not limited to. polyolefins. polyesters. 
1 5 polyamides. polyurethanes, copolymers and mixtures thereof. 

Fig. 1 shows an apparatus for manufacturing the mat according to the method of the 
present invention, in which apparatus 10 has an assembly 12 for producing spunbond 
fibers in accordance with known methods (a.so see US Patent no. 5.382.400 to Pike et 
al.). A spinneret 14 is supplied with molten polymer resin from a resin source (not 

20 shown). The spinneret 14 produces fine denier fibers from the exit 16. which are 

quenched by an air stream supplied by a quench blower 18. The air stream differentially 
cools one side of the fiber stream more than the other side, thus causing bending and 
crimping of the fibers. Crimping, as discussed in general hereinabove, creates a softer 
fabric by reducing the "straightness" of the fibers, between bond points created in the 

25 thermal bonding step, as we., as fiber-to-fiber bonds. Various parameters of the quench 
blower 18 can be controlled to control the quality and quantity of crimping. Fiber 
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composition and resin se.ec«on also determines me crimping characteristics impaned. in 
an aitemative embodiment. coniu 9 a«e fibers can be produced which have different 

crimping properties. 

-* ~ ,~*r> a r.H*»r drawina unit or aspirator 20 having a Venturi 
The filaments are drawn into a fiber Drawing unu w k 

tube/channel 22. through which the fibers pass. The tube is suppiied w«h temperature 
cordoned air. which attenuates me fiiamenB as the, ™ •» 
u* 20. The attenuated fibers are then deposited onto a foraminous moving colleCon 
pel, 24 and retained on the be,, 24 by a vacuum force exerted by a vacuum box 26. The 
MR 24 travels around guide rollers 27. As the fibers move aiong on the belt 24. a 
compact roll 28 above the belt, which operates with one of me guide rollers 27 beneam 

w m that the fibers have sufficient integrity to go 

me belt, compresses me spunbond mat so that me fibers ™ 

through the manufacturing process. 

_,m a hot air knife can be used to compress the 

Alternatively, instead of a compaction roil 20. a not air «ra. 

fibers An advantage of using a ho, air Knife is that It reduces or eliminates me probfcm 
Known in me art as -rol, wrap." i.e.. a following of me circum..r«,ce of me compact ro» 
by a„ or par. o, the spunbond web. which can breaK me web if i, wraps complete* around 
me compactor, ro„. Also a ho, air knife does no, debuiK me ma, and avoids me areas 
ma, a compadon roi, puu on me fibers. The ho, air Knife meits me surface of me fiber 
ma. ,o a minor degree as n compresses me ma, slighfly. but me pressure and 
20 temperas can be con«,ed. Monsove, a ho, air knrfe produces a superior resuK w«h a 
greater throughput speed man a compaction roll. 

A u,,er o, mertblown fibers, composed of <1pm to about 10um diameter, preferably »ss 
man Sum diameter, may be introduced on top o, the spunbond .ayer trom a v*dup roil 30 
o, previously manu.ac.urad me.tb.own fibers. Wtemafiveiy. it is also possible to torm 
meimlown fibers and deposit mem as formed dlrec»y on me spunbond layer. The 
meKHown fibers are formed o. resin which is preferably a mermoplasfic polymer such as. 
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,^i*f.ns polyesters, poiyamides, p° y 
but not limited to, polyolefins. poiy 

mixtures thereof . 

A se cond .ye, - — - — » ^ ^ ^ „ 

to .hat deso.be. for spunbond append ^. ^ ^ ^ 

5 ^ are ^ - — - 7^: e _ by a secpnd 

38 Tne tlb ers deposited on the me»b o - ^^p^wn- 

compaction device 40 to form a three .ayer 

spunbond fibers 42 (me "SMS" .aminate). 

iated by the present invent are 9 enera..y bonded 
Spu nbond nonwoven .abncs eontemp * ^ ^ ^ . 

o 4hDu are nroduced in order xo 91 
10 .nsomemanner asth^ — — - . 

— - n9 °' S °' ' uch a5 ^rrtanoiement. need,**. u.trason,c 

ac=omp.ished in a number of ways s A 

b0 nd, n9 . ~~ ^7 T :r s — « * — - - - 24 

marred method * by therm* ^ ^ ^ ^ ^ „ „ . 

, 6 and passed between a nipped pa,r o, « ^ ^ ^ , ^ 

of pins 4 8 .e P ,ns — bond P- - - _ ^ _ ^ ^ „, 

bo „d points are reiated - -* ^ ^ ^ me ro, « and 

20 46 and the pins 48 impnm «* h 

44 where me nip pressure is comroiied .or un B orm«y. 

^ heated „ more e.Ment.y .orm fiber bonds, in a preferred 
Xh e ro„s 44 and 4* can be he te ^ ^ ^ opSmal 

embodiment, the rota 44 ««' ^position, web 

. TJZ^--- — — - 

monocomponent p=.yproPV'ene fibers ha^P P 
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500 feet per minute, the temperature range is about 270'F (132-C). to about 340'F 
(171»C). with a preferred differential between pattern and anvil roll of about 10"F (5.5 "Q 
to about 30«F (17 °C). For monocomponent polypropylene fibers having approximately a 
1 dpf at the same production speed, the temperature range is about 240 «F (1 1 5 8 C) to 

5 about 290 "F (143 -C). with a preferred differential of about 40-50 «F (22-28 The 
overal. temperature range is lower for smaller denier fibers because heat transfer is more 
efficient. For a given raw material, the temperature range stays generally the same, but 
shifts warmer or cooler, depending on conveyor speed which significantly impacts web 
mass and density. Preferably, the pattern roll is heated to a higher temperature than the 

1 0 anvil. The lower temperature on the anvil roll 44 reduces the possibility of fiber glazing 
and secondary f,ber-to-f.ber bonding between the bond points. The result of this 
differential bond roll temperature is that secondary fiber-to-fiber bonds are reduced 
without affecting the integrity of the primary bonds, therefore improving fabric drape. 

After the laminate 42 passes through the bond rolls 44 and 46. it is passed to a neck 
1 5 stretching assembly 50. comprising a pair of nipped rolls 52 and 54. The roils 52 and 54 
run under tension at a controlled speed faster than the speed of the bond rolls 44 and 46. 
thus stretching the SMS laminate 42 in the same direction as the path of the fabric, known 
as the -machine direction." Neck stretching breaks fiber-to-fiber bonds and strains fibers 
between bond points, thereby reducing fabric stiffness. The rolls may be heated or 
20 cooled as needed to achieve desired mat properties and dimensional stability. 

The neck stretched SMS laminate 42 is then passed to an unnecking assembly 56. 
comprising a Tenter frame, which is known to those skilled in the art. Fig. 2 shows a 
Tenter frame in which a chain 58 having a p.ura.ity of clips 60 attached to the chain links 
and spaced along the chain 58. and a chain 62 having clips 60 similarly spaced 
therealong. The chains 58 and 62 are actuated by gears 64 which are driven by a motor 
65 (not shown). The chains 58 and 62 are not parallel, rather they diverge (from a top 
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view) in the downstream direction (indicated by arrow 65A). As the laminate 42 
approaches the assembly 56 the open clips 60 automatically and sequentially close and 
grip the edge of the laminate. As the chains 58 and 62 advance, the laminate 42 is 
stretched as the chain paths diverge. As the dips 60 reach the end of the top of the chain 
5 run, the clips automatically open, releasing the stretched laminate 42. The finished 
formed SMS laminate 42 is then wound onto a parent roll 66 for uptake and storage. 
Both necking and unnecking improve loft, thus increasing fiber freeness between bond 
points therefore improving fabric drape. A substantial portion of the width lost during neck 
stretching is regained during unnecking, as well. 

10 An unexpected result of the method of the present invention is that the combination of 

fine spunbond fibers (less than or equal to about 1.5 dpf) and improving fiber freeness by 
the techniques of crimped fiber, mechanical stretch softening, and differential bond roll 
temperatures allowed the production of an SMS fabric with improved drape at equal or 
higher strength than standard 3.0 denier mats. Drape improvements achieved with these 

1 5 techniques were additive in the tested ranges. 

The invention will be further described in connection with the following examples, which 
are set forth for purposes of illustration only. Parts and percentages appearing in such 
examples are by weight unless otherwise stipulated. 

EXAMPLES 



20 EXAMPLE 1 



Improved fabrics were demonstrated with a range of poiyolefin raw materials with both 
homofiber and conjugate spunbond (SB) filaments. The example described below utilized 
a 3.5% random copolymer of ethylene and polypropylene, available as Exxon 9355 grade 
from Exxon Chemical. Baytown. Texas, which provided a preferred crimp in a homofiber 



25 poiyolefin system. 
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An improved ctothlike sp.unbond fabric was produced with continuous round microfibers 
from a plurality of spinnerets at a denier of 0.95g/9000m. During the research a denier 
range from 4.0 to 0.9 was investigated and a minimum capability of 0.7g/9000m has been 
demonstrated with the same process and polymer systems. These fibers were drawn 

5 pneumatically through an isolated quench air crossflow zone and deposited randomly on 
a permeable conveyer. Quench flow, temperature, direction and profile within the spinline 
were varied along with pneumatic drawing variables to provide the desired level of fiber 
cnmping. Melt temperature and quench delay zone depth were also modified to optimize 
cnmp fiber characteristics. The distance from the exit of the pneumatic drawing device to 

1 0 the permeable conveyor was optimized for strength and drapeability of the spunbond mat 
The resulting mat was compacted and combined with a barrier layer comprised of less 
than about 1 and up to about 5 micron diameter meltblown fibers. The fibers were 
polypropylene 0.5 osy high melt flow resin granules (melt flow rate was at 230°C) 
available as Exxon 3495G grade from Exxon Chemical. Baytown. Texas. The two layers 

1 5 were then combined with a third layer comprised of a continuous filament SB mat of the 
nature previously described and then transferred to a bonding step. Basis weights of the 
three components were individually varied through a range of 0.I5 to 1 .2 ounces/sq. yd 
(osy) during the development and compared against each of the principal performance 
criteria of cup crush and grab tensile. 

20 The crimp of the continuous SB fibers can be described as in the range of 30-300 crimps 
per inch (i.e. rotations of the helical structure of the crimp and having an amplitude 
(diameter of the helical spiral) of 0.030-0.200 inches. The full range of crimp investigated 
during the trials was 20-1000 crimps/inch and an amplitude of 0.020 to 0.250 inches. 
Crimp was found to be directionally proportional to the drape of the laminate, i.e. the 

25 lowest amplitude and highest number of crimps/inch produced the most drapeable mats. 
Crimp, however, reduced strength (stress curve properties) at higher levels even though 
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strain properties were generally enhanced. Total Tensile Energy, the area under the 
stress/strain curve, was also reduced as crimp level increased. 

Bonding was accomplished thermally, at a plurality of variously spaced and shaped 
points, by passing the SMS laminate through a nip between a heated engraved roll and a 
5 heated crowned anvil roll. The bond roll temps for the most dothlike performing mats at 
the specified 0.95 denier were found to require skewing by 40°F (cooler on the anvil) to 
prevent the SB microfibers from being bonded secondarily to each other between the 
bond points. Secondary bonds were found to impart a significant stiffness to the mat and 
a harsh tactile feel. The secondary bonding, not seen at higher deniers. is caused by the 

1 0 increased fiber per unit area (web density) and reduced fiber mass characteristic of lower 
deniers. Heat transfer through the fiber and from fiber to fiber is much improved in this 
situation and therefore some melting and bonding occurs against the flat anvil roll which 
has a high level of fiber contact when compared to the patterned roll. With line speed as 
a constant in the equation, i.e. not a factor in reducing denier, then heat transfer is 

1 5 improving at least as a function of the square of the reduced fiber thickness. A range of 
skewed anvil to pattern bond roll temps was trialed in the range of 0 to 50°F (40°F in this 
Example). Pattern temps were also raised to compensate for the reduced anvil temp. 
Pattern roll temps were investigated in the range of 250-30CTF (121-149'C) at the 300 
fpm line speed held constant, while anvil temps were varied between 230°F (1 10°C) and 

20 280°F(138°C). The required skew of bond roll temperatures for optimized properties was 
found to be dependent on at least raw materials, line speed, pin density, bond area, fiber 
structure and fiber size. 

Once bonded, the mat was stretched within a range of 5-25% in the machine direction 
(MD) to separate fiber to fiber bonds not associated with specific bond points and to relax 
25 tension in fibers held tightly in between bond points. This technique was also found to 
allow fibers to move in the 2-direction. thus finding their own low order state and allowing 
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MW een bond P-ts - — - ~ ~ ^ step „ protect 

— n ^ k stretching step is accomplished by passing «' 

— — 

mat be.een M - - nipped — - - - ^ ^ 

MM set The ril ma, be heated or cooled as needed 

and dimensional stability. 
EXAMPLE 2 

.. - ,.hHc is achieved by transferrins the neck stretched 
Unnecking of the neck sketched fabnc ,s ach.e 

, (r=ma as ascribed in detail hereinabove, and stretching tne 
, ab ric to a Tenter frame. ^ ^ 

we _ direct to aeh*ve a de S ,r* perc^n . ^ ^ ^ 

is preferably done a. ambient temperature. The cooled ma 
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TABLE 1 shows the experimental results achieved. 
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Key to TABLE 1 abbreviations: 

SMS = laminate of spunbond-meltblown-spunbond layers 
BW = basis weight (osy) 
Den. = denier 

Softening Treatment S = neck stretched 

C = crimp 

B = bond roll treated 
(temperature differential was 40°F) 

CD = cross direction 

MD = machine direction m 
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Bond pattern pin density was also found to significantly impact both drape charactenstjcs 
and tactile properties of the subject mats. As denier was reduced the more abrasion- 
resistant mats which resulted allowed pattern roll pin density to be decreased, thus 
allowing greater freedom of movement of fibers between bond points and thus improved 
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drap e and gre a,er fcae-on, ,o custom.* tac^e fee, ««. — panen, an. dens*. P* 
o^es - SCMOO p,ns,s q ,n. - « - — — ~- 



u^ra met cup crush (conformability) was 
Overall, the objectives of the expenments were met cup 

. h ,, fi -as© 1 6osy SMS strength was 
> improved without sacrificing strength. In the base case y 

_ . im „ m « fi d bv 40% over the 3.0 denier, uncnmped, 
enhanced by 50%. while cup crush was .mproved by 40% 

, . „„„ Hiffprentiallv bonded control sample, 
non-necked stretched, non-differenuauy » 
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What is claimed is: 

1 . A method of producing a fabric, comprising: 



(a) 



providing at least one polymer resin capable of forming fibers; 



(b) forming a plurality of fibers from said resin; 

(c) crimping said fibers; 

(d) forming a nonwoven fiber mat from said fibers; 



spot bonding said mat by passing said mat between a first bond roll and a 



second bond roll; and, 

(f) neck stretching said mat. 
10 2. The method of Claim 1 . wherein said resin is a thermoplastic polymer selected 
from the group consisting of polyolefins, polyesters, polyamides, polyurethanes. 
copolymers and mixtures thereof. 

3. The method of Claim 1 . wherein said fibers have a denier of less than about 3.0. 



The method of Claim 1, wherein said fibers have a denier of less than about 1.5 



1 5 dpf . 



5. The method of Claim 1 . wherein said fibers have a denier of less than about 1 .0 



dpf. 



The method of Claim 1 . wherein said fibers are formed by a spunbond process. 



7. The method of 1 . wherein said mat is stretched to about 5% to about 40% beyond 
20 its original length. 

8. The method of 7. wherein said mat is stretched to about 1 5% to about 25% 
beyond its original length. 
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9. 



The 



method of Claim 1. herein 



said fibers after formation. 



aid first Mn d - * a pa^ * - — 
m The m e,hod - Ca. 1 . ~-»- ^ ^ are _ to _ 

Mn dro»*ananv»ro»and 5 a,d*rs.an 

n1 Tr* method of Cla.m 10. v* 

„ abo. - . — ^ ^ 

..♦ <««; 0 F to about 45°F. 
from about 15 r lu 
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15 



20 



A .nethod o, product a 
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17. The 



dpf. 



18. The 



method of Claim 14. wherein said fibers have a denier of less than about 1.5 



method of Claim 14, wherein said fibers have a denier of less than about 1.0 



dpf. 



5 19. The method of Claim 14. wherein said fibers are formed by a spunbond process. 

20. The method of 14. wherein said mat is stretched to about 5% to about 40% 
beyond its original length. 

21 . The method of 20. wherein said mat is stretched to about 1 5% to about 25% 
beyond its original length. 

1 o 22. The method of Claim 14. wherein said crimping is achieved by directing a means 
for providing a stream of air onto said fibers after formation. 

23. The method of Claim 14. wherein said first bond roll is a pattern roll, said second 
bond roll is an anvil roll and said first and second bond roils are heated to different 
temperatures. 

1 5 24. The method of Claim 23. wherein said pattern roll is heated to a higher 
temperature than said anvil roll. 

25. The method of Claim 23. wherein said temperature differential is in the range of 
from about 1 0°F to about 50°F. 

26. The method of Claim 23. wherein said temperature differential is in the range of 
20 from about 1 5°F to about 45°F. 

27. A method of producing a fabric, comprising: 

(a) providing at least one polymer resin capable of forming fibers; 
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(b ) forming a plurality of fibers from said resin; 

( c) forming a nonwoven fiber mat from said fibers; 

(d) neck stretching said mat; and. 

aid mat between a first bond roll and a 



( e) spot bonding said mat by passing i 
5 second bond roll. 

28 The method o. Cairn 27. — said res* is a thermopiastic polymer se,e«ed 
,rom the group consist o. potyotefins. powers, poiyamides. poiyurethanes. 
copolymers and mixtures thereof. 

^ Mi H fibers have a denier of less than about 3.0 
29. The method of Claim 27. wherein sa.d fibers have a ae 



10 30. The 



mettw d o, Ciaim 27. where* said «b«s have a denier o, ,ess man about « 



dpf. 



31. 



dpf. 



share haws a denier of less than about 1.0 
The method of Claim 30. wherein sa.d fibers have a denie 



V-': 



«. Tne method o, Cairn 27. wherein said fibers are formed by a spunbond process. 
15 33 . The method - 27. wherein said ma. is stretched to abou, 5% ,o about 40% 
beyond its original length. 

■m i« stretched to about 15% to about 25% 
34. The method of 27. wherein said mat is stretchea 

beyond its original length. 

me rhod o, Ciaim 27. wherein said firs, Pond roi, is a panem ro„. said second 
pond roi, ,s an anvi, roi, and said firs, and second Pond roiis are heated to d^eren, 



35. The 



20 

temperatures 



The method of Cairn 35. wherein said partem roii is heated ,o a higher 



36. 

temperature than said anvil roll. 
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37. The method of Claim 35, wherein said temperature differential is in the range of 
from about 10°F to about 50°F. 

38. The method of Claim 35. wherein said temperature differential is in the range of 
from about 15°F to about 45°F. 

5 39. A method of producing a fabric, comprising: 

(a) providing at least one polymer resin capable of forming fibers; 

(b) forming a plurality of fibers from said resin; 

(c) cnmping said fibers; 

(d) forming a nonwoven fiber mat from said fibers; and, 

1 o (e) spot bonding said mat by passing said mat between a first bond roll and a 

second bond roll. 

40. The method of Claim 39, wherein said resin is a thermoplastic polymer selected 
from the group consisting of polyolefins, polyesters, polyamides, polyurethanes, 
copolymers and mixtures thereof. 

15 41 . The method of Claim 39, wherein said fibers have a denier of less than about 3.0. 

42. The method of Claim 39, wherein said fibers have a denier of less than about 1.5 
dpf. 

43. The method of Claim 39, wherein said fibers have a denier of less than about 1 .0 
dpf. 

20 44. The method of Claim 39, wherein said fibers are formed by a spunbond process. 

45. The method of 44, wherein said mat is stretched to about 5% to about 40% 
beyond its original length. 
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46. The method of 44. wherein said mat is stretched to about 15% to about 25% 
beyond its original length. 

47. The method of Claim 39. wherein said crimping is achieved by directing a means 
for providing a stream of air onto said fibers after formation. 

48. The method of Claim 39. wherein said first bond roll is a pattern roll, said second 
bond roll is an anvil roll and said first and second bond rolls are heated to different 

. temperatures. 

49. The method of Claim 48. wherein said pattern roll is heated to a higher 
temperature than said anvil roll. 

50. The method of Claim 48. wherein said temperature differential is in the range of 
from about 1 0°F to about 50°F. 

51 The method of Claim 48. wherein said temperature differential is in the range of 
from about 15°F to about 45°F. 
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